The University of Minnesota Veterinary Diagnostic Laboratory routinely receives porcine intestinal or fecal samples from pig farms across the United States to determine the causative agents of gastrointestinal disease, which are screened by reverse transcription PCR (RT-PCR) for transmissible gastroenteritis coronavirus; rotavirus (RV) A, RVB, and RVC; and a variety of bacterial pathogens by bacterial cultures (1,2). In June 2012, a porcine intestinal sample (MN123) from a pig on a farm in Minnesota showed histologic RV-like lesions (blunt or nude villus tips) by light microscopy, but the sample was negative for RVA, RVB, and RVC by RT-PCR. Another porcine intestinal sample (AR7.10-1) from a pig on a farm in Arkansas was positive for RVA, RVB, and RVC. Both samples (MN123 and AR7.10-1) were screened for RVH with RVH viral protein (VP) 7-, VP6-, and nonstructural protein (NSP) 4-specific primers.
Histology, Extraction of Genomic Material, and RT-PCR Amplification
Samples of small intestine were fixed in 10% neutral buffered formalin, embedded in paraffin, and stained by using Harris' hematoxylin and eosin, as described previously (1, 2) . Porcine intestinal or fecal samples were homogenized with Hyclone donor equine serum (Thermo Fisher Scientific, Waltham, MA, USA) at a 2:3 ratio for 15 min, then underwent 3,000 × g centrifugation for 1 h, as described previously (1, 2) . The total nucleic acid was extracted by using the Ambion MagMax 1836 extraction kit following the manufacturer's instructions (Life Technologies, Carlsbad, CA, USA).
For the molecular detection of RVH strains, VP7, VP6, and NSP4-specific primers were designed (forward RVH_VP7_1-20: 5′-GGCAATTTGAAGCCATGTTG-3′ and reverse RVH_VP7_804-781: 5′-CATAACGGATTTCTCAACGTTATG-3′, forward RVH_VP6_1-23:
5′-GGCAATTTCTTGCTACAAGTGAC-3′ and reverse RVH_VP6_1203-1181: 5′-GGGTATATTTTATTTGCTATACTACTACGG-3′, and forward RVH_NSP4_1-24: 5′-GGCATTTTGTTCATCACAAATCACG-3′ and reverse RVH_NSP4_721-698: 5′-CTACCAAGCTATGTTTCCATCCAT-3′) based on sequence alignment with ClustalW of the VP7, VP6, and NSP4 sequences of the single porcine (SKA-1) and the 3 human (ADRV-N, J19, B219) RVH strains (3) (4) (5) (6) (7) (8) . The RT-PCR reaction used the QIAGEN OneStep RT-PCR kit (QIAGEN. Valencia, CA, USA) in accordance with the manufacturer's recommended instructions and following the previously described thermal cycling conditions (1, 2) . RT-PCR products were visualized, purified, and Sanger sequenced by using previously described methods (1, 2) . The nucleotide peaks from the traces files were visually evaluated and had a minimum of 2 times consensus coverage in Lasergene Seqman 10.0 program (DNASTAR, Madison, WI, USA).
In Geneious Pro (http://www.geneious.com)Tre, the novel, and GenBank RVH (SKA-1, AB576626; B219, DQ168033; ADRV-N, AY632080; J19, DQ113902; BR63, KF021621; BR60, KF021620; BR59, KF021619) RV VP6 nucleotide sequences were aligned with ClustalW (8) . The nucleotide and amino acid phylogenetic trees were constructed with the neighborjoining method (9) . A time-scaled phylogeny was inferred for the swine RVH VP6 sequences by using a Bayesian Markov Chain Monte Carlo (MCMC) approach, available in the BEAST package (BEASTv1.8.0) (10) (11) (12) (13) (14) (15) (16) . A general-time reversible model of nucleotide substitution was implemented, with a γ distributed among-site rate variation. Using a relaxed molecular clock and a Bayesian skyline population prior, the MCMC chain was run for 300 million generations, with subsampling every 30,000 iterations. The initial 10% of the chain was discarded as burn-in, and a maximum clade credibility tree was summarized by using TreeAnnotator (v.1.8.0) (10) (11) (12) (13) (14) (15) (16) .
Times to the most recent common ancestor were identified on key nodes using FigTree (v1.4.0) (http://beast.bio.ed.ac.uk/software/figtree/).
Statistical Analysis
The Fisher exact test was used to determine whether the number of positive and negative samples significantly differed among age groups. By using the age groups that contained RVHpositive samples (4-20-day, 21-55-day, and >55-day age groups), a logistic regression model was used to estimate the odds of RVH infection by age group, and the trend of RVH infection by age was tested by using Wald χ 2 .
Sequence Analysis
The open reading frame alignment (1,191 nt) 396 amino acid alignment of the US (n = 30), Chinese (n = 2), Bangladeshi (n = 1), Japanese (n = 1), and Brazilian (n = 3) strains revealed 291 (74%) identical sites. Although most of the identified polymorphisms involved 2 different amino acids, polymorphisms involving 3 amino acids were identified at positions 44, 48, 150, 201, 220, 258, 353, and 378 (data not shown) .
Sequencing of the 30 novel RVH strains revealed 6 samples (IA5.5-3, MN4.53-6, MN4.87-5, MN32.15-1, AR7.32-4, and AR7.10-1) that contained mixed RVH infections or viral population, as indicated by ambiguous nucleotides within each the sequences (data not shown). Each ambiguous nucleotide translated only 1 aa.
Nucleotide Sequence Accession Numbers
The 30 RVH VP6 sequences were deposited into GenBank under accession nos. KF757260-KF757289.
